also has a soporific effect in mammals. Although these papers determined that a sleep-like state in Drosophila studies can be faulted because it is unclear how much is concentrated in the half of the circadian cycle referred of these agents actually reach the fly CNS when administo as the subjective night. Before resting, flies choose a tered in food, the effects observed are consistent with site away from the food source where social interactions the pharmacological profiles of these drugs when adoccurred. Periods of complete immobility, during which ministered to mammals, including humans. the only movements were those associated with respiraPrevious studies in mammalian brain have shown that tory pumping, could last as long as 26 min; however, a relatively small subset of genes are differentially regulated during waking versus sleep. Interestingly, some of these same genes are also modulated during waking *
and rest in flies. An unbiased survey of mRNAs excircadian system ("process C") to gate the occurrence of sleep and wakefulness (Borbely, 1982 ; Daan et al., pressed in Drosophila during spontaneous waking, "normal" rest, and rest deprivation conducted using differen-1984). Process S is thought to be a neurophysiological/ neurochemical process(es) that begins to build up at tial display revealed that only about 1% of these transcripts were modulated by behavioral state, similar the onset of wakefulness. Once a threshold value is reached, sleep will ensue only if process C is in the to the proportion previously observed in the rat cortex. Of the mRNAs that were responsive to behavioral state, appropriate circadian phase. This model accounts remarkably well for the timing of sleep in man and in the majority were found at higher levels during wake than rest. Many of these transcripts, such as the mitochodrial several mammalian species. Since SWA in NREM sleep increases in proportion to prior wake duration in mamgene cytochrome oxidase subunit I, the endoplasmic reticulum chaperone BiP, and arylalkylamine N-acetylmals and declines as sleep time progresses, SWA is thought to represent the cortical manifestation of the transferase, are also found in greater abundance during wakefulness than sleep in the rat cortex. recovery processes from prior waking activities that occurs during sleep (Borbely, 1982) . Taken together, these results indicate that rest in Drosophila has an uncanny similarity to sleep in mammals.
The homeostatic response to sleep deprivation, as measured by SWA, appears to be under genetic control. However, many investigators will be reluctant to call the inactive state in flies that meet the above criteria "sleep."
In a comparison of six mouse strains, the rebound in SWA during the first 3 hr of recovery sleep following 6 Electrophysiology has provided the benchmarks used to identify sleep in mammals and other vertebrates for hr of sleep deprivation was greatest in AKR/J strains and least in the DBA/2j strain (Franken et al., 1999 that are modulated by behavioral state, neuroanatomical localization will be determined by in situ hybridization The sequencing of the Drosophila genome will also enable a second approach, as it will soon be possible to and, where antisera are available, immunocytochemistry to identify the relevant brain regions (and peripheral conduct genome-wide expression studies using either microarrays or DNA chips. As is evident from the initial tissues). As in Drosophila, a key step will be the assessment of whether the homeostatic response to sleep depmolecular comparisons (Shaw et al., 2000) , such tools will allow an efficient, encyclopedic comparison of rivation is altered in mice that have null mutations in, or overexpress, the candidate gene(s). A convergence of mRNA expression to be conducted among flies that are active, resting, or sampled in response to rest deprivaresults from such functional genomic approaches in flies and mice would convincingly indicate that (1) the gene(s) tion. Genes whose expression is increased during both "normal" rest and rest after sleep deprivation will be of of interest are linked to the homeostatic mechanism and (2) fly rest subserves a function equivalent to mammalian great interest and immediately become candidates for further study. The Shaw et al. (2000) study indicates that sleep, at least at a molecular level. Of course, not all genes associated with mammalian sleep will be associat least one such candidate has already been identified, although at the time of publication of their article it did ated with rest in Drosophila since, once the final tally is in, the 13,600 or so genes of the fly are likely to be not correspond to any published sequence. However, it is unlikely that all genes involved in sleep/wake regulaexceeded by 8-to 10-fold in the mouse. colepsy (Mignot, 1998 et al., 1992) . A study of 213 twin pairs determined the averaged heritabilites for the delta, theta, alpha, and beta frequencies of the EEG to be 76%, 89%, 89%, and 86%, respectively, indicating that brain electrical activity is one of the most heritable characteristics in humans (van Beijsterveldt et al., 1996). Whether there is a genetic component to the propensity for habitually long (Ͼ9 hr) versus short (Ͻ5 hr) sleep (Aeschbach et al., 1996) remains to be determined. Candidate genes to study in association with these and other aspects of normal sleep may arise from studies of rest in Drosophila.
Implications for Sleep Disorders and Normal Sleep
Taken together, these two papers ( 
